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Log-log Polynomial vs Log-normal Discharge-sediment and Nutrient Rating Curves
The log-normal function (Eq.
[1]; original manuscript) is described in the main manuscript.
In the more traditional approach (Pickup et al., 2003; Tortorelli, 2006 , Garbrecht et al., 2006 Garbrecht, 2008; Eq. [S1]), observed streamflow discharge (Q), and suspended sediments (SS), total nitrogen (TN), and total phosphorus (TP) concentrations were fitted to a polynomial function after logarithmic transformations based on the minimum square error.
where and are the fitted concentration and measured streamflow discharge (Q), respectively, after logarithmic transformation, the polynomial coefficient, and is the polynomial order. The concentration estimated by the log-log polynomial Eq.
[S1] (C llpe ) is obtained by determining the antilogarithm of y (i.e.10 y ), while estimated load (L llpe ) is obtained by multiplying C llpe by Q. The optimal order was the one that best estimated both the concentrations and loads. The subscript llpe indicates that the concentrations and loads are estimated based on the log-log Q-C polynomial relationship. Figure S1 illustrates the log-log polynomial discharge-concentration relationships just as Fig. 1 illustrates the log-normal discharge-concentration relationships. The parameter values for the log-log discharge-concentration and discharge-load polynomial relationships Eq.
[S1] for SS,
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TN and TP for each of the three USGS stream gauge sites are presented in Table S1 . It is important to note that the log-log polynomial discharge-concentration relationships' patterns are similar to the log-normal discharge-concentration relationships (Figs. 2 and S1) for streamflow within the ranges of data used to develop these equations. However, a robust rating curve should predict accurately in extrapolated zones (Hamilton, 2014) . The impact of extrapolation of the log-log polynomial (Eq.
[S1]) and log-normal (Eq.
[1]) equations to estimate loads using streamflow data outside the ranges used to develop these rating curves is illustrated in Fig. S2 .
Thus, the polynomial function (Eq.
[S1]) does not represent the physical behavior outside the limits of the data used to generate it. Therefore, outside this range other discharge-concentration relationships should be determined depending on the application under consideration. Figure S2 . Total Phosphorus (g s -1 )
1.E-01
1.E+00 
Importance of using Sub-daily Streamflow Data to Estimate Sediment and Nutrient Loads from Rating Curves
Discharge-sediment or discharge-nutrient relationships (rating curves) are developed using results of chemical analyses of collected instantaneous water samples. However, concentration and loads estimated from rating curves are usually computed at a daily or longer time-step (Horowitz, 2003; Pickup et al., 2003; Quilbe´ et al., 2005; Tortorelli, 2006 , Garbrecht et al., 2006 Garbrecht, 2008) using the easily available daily streamflow discharge data. However, shorter time interval streamflow discharge can be obtained from USGS by request. Stage measurements, from which streamflow discharge calculated, are measured at intervals of 5, 15, 30, or 60 minutes (Rantz et al., 1982) . Although not commonly used, it is possible to estimate daily loads based on instantaneous measured concentration(C) and Q. In this section, we demonstrate the importance of using sub-daily data to estimate loads using rating curves.
Observed instantaneous, hourly or 30-minute, and average daily Q data (from USGS streamflow gauge ID 73258000) are used to estimate (Eq. ). The estimated hourly or 30-minute loads are integrated to determine the daily loads. The loads computed using the integrated approach are used as the baseline because they capture the hydrographs during rainfall events (Fig. S3 ). The SPELLmap (Guzman et al., 2013) tool was used to process the daily SS, TN, and TP loads estimated using the instantaneous, the average daily, and the hourly and 30-minute Q data for the USGS stream gauge located at the Cobb Creek (CC) subwatershed. Figure S4 illustrates the implications of using instantaneous and average daily Q data to estimate daily SS, TN, and TP loads, compared with the integrated approach used in this study for the USGS site ID 7325800. The results showed that there were significant differences between the SS, TN, and TP load magnitudes estimated using instantaneous and daily average Q and those estimated using the integrated approach for high Q values (Fig. S3) . The amount of load over-estimation or underestimation during rainfall events depends on where the measured instantaneous or average daily Q value is located on the rating curve. However, under baseflow conditions, instantaneous and average daily Q values can be used to estimate loads without significant errors in magnitude.
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Based on analyses not presented herein, on days when water samples were collected, the approximate threshold Q value for the USGS site ID 7325800 above which large errors occurred . On average the daily SS, TN, and TP loads estimated using instantaneous Q were greater than those estimated using the integrated approach by 54, 40, and 47%, respectively.
Also, on average the daily SS, TN, and TP loads estimated using the daily average Q were less than those estimated using the integrated approach by 3, 21, and 18%, respectively. For each variable, the loads estimated using instantaneous Q were over-predicted, while those estimated using daily average Q were under-predicted compared with those estimated by the integrated approach. Therefore, we recommend that an integrated approach be used to estimate daily concentrations and/or loads when using rating curves to capture the hydrograph and minimize load estimation error. Figure S4 . Illustration of implications of using instantaneous and average daily discharge data to estimate daily loads compared with the short-term interval discharge integrated approach at the USGS streamflow gauge site ID 7325800. The orange Daily-Integrated load difference is the difference between loads estimated using the average streamflow discharge and the integrated loads based on the hourly or 30-minutes streamflow discharge. The clear InstantaneousIntegrated load difference is the difference between loads estimated using the average streamflow discharge and the integrated loads based on the hourly or 30-minutes streamflow discharge.
